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SBU’s Summary and Conclusions

In hemophilia A and B and von Willebrand disease, coagulation factors
are absent or deficient. This impairs the capacity of the blood to coagulate
and increases the risk of bleeding. The diseases are hereditary. If inad-
equately treated, hemophilia causes painful bleeding in joints and leads
to disability. Bleeds can also occur in internal organs, e.g., the brain.

Hemophilia can be treated by replacing missing coagulation factors. The
availability of coagulation factors has drastically reduced morbidity, and
since the 1950s survival has increased from 15 years to nearly normal life
expectancy.

In the past, patients were exposed to high risk of HIV infection and
Hepatitis C transmitted via blood and blood products. Since the mid
1980s, concentrated coagulation factors have been produced by methods
that have practically eliminated the infection risks. Nevertheless, several
questions remain concerning optimum treatment, €.g., selecting the most
appropriate dose and dosing strategy. Another question concerns the treat-
ment of bleeding episodes (bleeds) in patients that have developed anti-
bodies (inhibitors) that counteract the effects of factor concentrates.

@ Concentrates of coagulation factors VIII and IX have good hemo-
static effects on acute bleeding and during surgical intervention in
patients with hemophilia A and B. As scientific evidence is limited,
firm conclusions cannot be drawn about possible differences in the
effects of different dosing strategies for acute bleeding and surgery.
More studies of sufficient quality are needed to investigate the short-
term and long-term effects of the different dosage strategies.

@ Preventive treatment (prophylaxis) initiated at a young age, i.e.,
before articular (joint) bleeding starts to appear, can prevent future
joint damage. Due to a lack of studies, firm conclusions cannot
be drawn regarding the optimum time to start treatment during
infancy, or the optimum dose and dose interval. Another uncertainty
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is whether treatment should be discontinued or modified during
adulthood in some patients. Such studies are difficult since the
numbers of patients are small, and many years of follow-up are
required to evaluate the progression of joint damage.

In patients that have developed high levels of antibodies (inhibitors)
against factor concentrates, acute bleeding can be inhibited by admin-
istering bypass agents, but it is difficult to predict the effectiveness
of such treatment in individual cases. Prophylaxis with bypass agents
probably has a favourable effect. When the antibody level has de-
creased, immunotolerance induction treatment — which usually
involves daily administration of relatively high doses of factor con-
centrate — can halt the production of inhibitors. This means that
patients can then be given normal prophylaxis and can be treated for
bleeding by using normal factor doses. Treating inhibitor develop-
ment is extremely demanding and costly. The available treatment
options have been insufficiently assessed due to the limited group
of patients and the subsequent difficulties in conducting appropriate
studies.

Patients with the more severe types of von Willebrand disease must
be treated with factor concentrates that contain von Willebrand
factor, and often factor VIII. The effects on acute bleeding and
during surgery are good. At times, preventive treatment is necessary.
Doses, dose intervals, and indications for factor concentrate treat-
ment in von Willebrand disease have not been sufficiently studied,
particularly as regards prophylaxis.

Treating hemophilia and von Willebrand disease is expensive. The
economic consequences of various treatment strategies have been
insufficiently analysed due to the lack of studies on clinical effects.

It is essential to create a national treatment register that includes
defined quality indicators. Regarding the future, there is an obvi-
ous need for systematic and centralised follow-up of patients with
hemophilia A and B and von Willebrand disease within the con-
text of a national quality register aimed at documenting the short
term and long-term treatment effects.

TREATMENT OF HEMOPHILIA A AND B AND VON WILLEBRAND DISEASE



Summary

Aim

This review aims to assess — from medical, economic, and ethical
perspectives — different dosing strategies for replacement therapy using

coagulation factor concentrates to treat patients with hemophilia A and B
and von Willebrand disease.

The systematic literature review does not cover the safety aspects related
to transmission of infections, or the risks for developing inhibitors (neut-
ralising antibodies). The methods currently used for virus inactivation
and virus reduction in producing plasma-based factor concentrates have
been approved by European and U.S. drug authorities, and the products
are considered to have a wide margin of safety. The transition to products
manufactured by recombinant DNA methods has favourably altered the
risks of blood contamination. An international debate is under way con-
cerning the risks of inhibitor development, but evidence supporting the
various opinions is deficient. Even a minor difference could have consider-
able medical and economic consequences.

Questions

The overriding questions have been:

* What are the short-term and long-term effects of different
treatment strategies?

*  What methods are available to treat hemophilia patients
that have developed inhibitors against factor concentrates?

Background

The disease and its prevalence

Hemophilia results from an inherited deficiency in coagulation factor VIII
(hemophilia A) or coagulation factor IX (hemophilia B). Hemophilia A
and B are gender-related, hereditary, and affect males almost exclusively.
One in 5 000 boys are born with the disease. In Sweden, approximately
1 000 patients have hemophilia, whereof approximately 300 receive regu-
lar treatment.

SBU’S SUMMARY AND CONCLUSIONS 15



Coagulation factors are proteins produced in the liver. Deficiency in a
coagulation factor means that the blood coagulates poorly, or barely at
all. Hemophilia A and B has three grades of severity: severe, moderate,
and mild. Bleeding risk is associated with the degree of severity. Usually,
the first bleeds appear at 5 to 6 months of age with the severe type, and
at 1 to 2 years of age with the moderate type. The bleeds can appear
spontaneously, or following minimum trauma. In mild hemophilia,
bleeding problems usually occur in conjunction with surgery and
major injuries, and therefore some patients are diagnosed late in life.

Symptoms in severe and moderate hemophilia are more or less spontan-
eous bleeds in joints and muscles. Untreated, articular (joint) bleeding
leads to an acute increase in pressure in the joints, accompanied by severe
pain. Later, patients develop chronic joint inflammation and degradation
of articular cartilage, leading to stiffness, impaired motion, and chronic
pain. Without adequate medication, hemophilia can result in serious
mobility-related disabilities. Patients with hemophilia are also at risk for
other types of serious bleeding, e.g., cerebral or gastric hemorrhage.

Von Willebrand disease (VWD) is also hereditary and can affect both
men and women since the gene is not in the sex chromosomes. The
disease results from deficient or impaired function in a protein called
von Willebrand factor (VWE), which is produced in the vascular walls.
Von Willebrand disease presents mainly as bleeding in the mucus mem-
branes. Approximately 1 0oo patients in Sweden have von Willebrand
disease. The few patients that have the severe type also suffer from articu-
lar bleeding, leading to chronic joint damage and disability similar to
that in patients with severe/moderate hemophilia.

Treatment

Patients with hemophilia and the more severe types of von Willebrand
disease are treated with the coagulation factor or factors they lack.
This treatment approach is usually referred to as replacement therapy.
The implication is that patients can become symptom free, similar to
the situation with other diseases involving deficiency-related symptoms
(e.g., insulin dependent diabetes, vitamin B12 deficiency, hypothyroidism).
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With the introduction of highly purified concentrates in the 1970s, treat-
ment of hemophilia patients became easier and more common, but in the
1980s the new concentrates were found to transmit HIV and hepatitis C.
These two catastrophic situations shifted the focus toward the care of
affected patients and the development of safe products, weakening the
momentum for the other types of treatment studies. New studies began
after year 2000, but many of them have yet to be completed.

Two types of factor concentrates are currently used to treat hemophilia A
and B, plasma-derived or recombinant coagulation factor concentrates.
Optimum dosing of factor concentrate is an important question. Inter-
nationally, practices vary widely due to tradition, costs, and limitations in
the scientific data. The comparison between prophylaxis and on-demand
treatment is also important, particularly as regards the long-term out-
comes in hemophilia patients. For many years, all patients in Sweden
with severe hemophilia have been offered preventive treatment. From an
international perspective, however, definitions and perceptions vary
regarding dosing practices and when to start prophylactic treatment.
Hence, this is another matter that must be analysed. Mild hemophilia A
can be treated with desmopressin, a synthetically produced hormone-like
(vasopressin) agent that affects blood coagulation by quickly and briefly
increasing the concentration of factor VIII and von Willebrand factor in

blood.

Most patients with the mild form of von Willebrand disease do not need
treatment except in cases of surgery and trauma. An exception would be
untreated women with von Willebrand disease, since blood loss associated
with menstruation can lead to blood deficiency. The primary treatment
for mild von Willebrand disease is tranexamic acid, which reduces blood
loss from menstruation and bleeding problems after minor surgery. Another
drug is desmopressin, which can temporarily increase the amount of von
Willebrand factor and is occasionally used to complement tranexamic
acid in surgery and profuse menstruation.

With more severe forms, concentrates containing von Willebrand

factor, and usually factor VIII, must be administered in addition
to tranexamic acid.
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Inhibitors (neutralizing antibodies) against factor concentrate

Treatment of hemophilia can become more complicated with the develop-
ment of inhibitors against factor concentrates, which in most cases neut-
ralise the effects of factor VIII and factor IX agents. Inhibitors appear
in 20 to 30 percent of the patients. In approximately half the number
of patients, the levels are low and the inhibitors usually disappear after
a period of “enhanced” prophylactic treatment. Others have high levels
of inhibitors (high titres) that completely neutralise the administered
factor concentrates, and they have no effect. The inhibitors usually appear
within the first 10 to 30 treatment doses. To inhibit bleeding, these pa-
tients are administered treatment with recombinant factor VIla (rfFVIIa)
or activated prothrombin complex concentrate (aPCC), so-called “bypass
products”. Without these agents, even minor bleeds could become life-
threatening. The treatment goal in these patients is to eliminate the
formation of inhibitors through immunotolerance induction, which
involves daily administration of relatively high doses of factor concen-
trate. This treatment method has been used in Germany and Sweden
for approximately 30 years with apparently good effects in most cases,
but at a very high cost. Studies in this area are difficult to conduct, but
a couple is in progress. Acute hemorrhaging causes severe pain and
must be treated.

Only recently have randomised trials been published on treatment in
patients with inhibitors. Prophylaxis to prevent acute hemorrhaging in
inhibitor patients is in its early stages, but several smaller studies have
been published, and others are under way.

Method for Systematic Review of the Literature

SBU’s assessment methods include a systematic review of scientific

studies in the subject area. In this context, systematic refers to identi-
fying and assessing the quality of all relevant scientific studies that

address the question.

The literature reviews cover several phases: identifying, selecting, and

assessing the quality of studies, and finally synthesising the informa-
tion and rendering a collective judgement. This report has been com-
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piled by a panel of 10 experts representing different specialties. Five
external experts and the SBU Scientific Advisory Committee reviewed
the final report.

Based on the questions addressed by the project, a systematic data-
base search was conducted in PubMed, NHSEED, Cochrane Library,
EMBASE, and other relevant databases. The literature search covered
all studies in the field published from 1985 up to the spring of 2010, with
a supplementary search in October 2010 (reported separately).

Inclusion criteria

In the initial phase of the review, the following criteria
were used to select relevant publications:

— The study must address patients with hemophilia A and B, with and
without inhibitors, and patients with von Willebrand disease (VWD)
of all ages treated with recombinant or plasma-derived factor VIII
or factor IX concentrates, recombinant coagulation factor VlIla, activ-
ated prothrombin complex concentrate or factor concentrate con-

taining von Willebrand factor (VWF) and factor VIII (FVIII).

— The study must report on one or more of the following effects: quality
of life, articular bleeding, number of factor concentrate infusions for
hemostasis, life-threatening hemorrhages, other bleeding, tolerance
development (measured as the absence of inhibitors), inpatient days,
resource utilisation (orthopaedics, surgery, sick leave/disability pension,
school absenteeism).

— Primarily, treatment studies should be randomised controlled trials
(RCT), or secondarily, controlled prospective studies. If studies of
this type are not available, non-randomised studies without controls
may be reviewed.

— At least 5 to 20 patients per study group (trial groups and control
groups) depending on diagnosis.
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— Health economic studies must address both costs and effects,
be relevant to Swedish conditions, and include comparisons with
the best alternative. Preferably, effects should be measured in
quality-adjusted life-years.

— The article must be written in English, Swedish, Danish,
or Norwegian.

Quality appraisal

At least two individuals in the project group, independently, evaluated
the structured abstracts of articles found in the database search. The
inclusion criteria listed above were used in evaluation. All articles that
any of the reviewers found to be relevant were retrieved in full text format.
Using the inclusion criteria, the same individuals (independent of one
another) reviewed the articles. Articles that none of the reviewers found
relevant were excluded. The included articles were carefully reviewed
using SBU’s standard checklists to determine the extent to which the
studies met the quality criteria, e.g., study design, study population,
outcome measures, and the analytical methods used. Based on this
information, the reviewers rated study quality and relevance as high,
medium, or low.

Study quality, evidence grading, and conclusions

Outcome data from studies that met the basic quality requirements were
compiled for each of the questions. The quality ratings of the scientific
literature were then compiled as a basis for grading the strength of the
evidence (Facts 1). In each chapter, appraisal of the evidence is based
solely on studies found to have high or medium quality and relevance.
Hence, the strength of the evidence expresses the collective scientific
support for a conclusion, i.e., how many studies of medium or high
quality support the conclusion. The strength of the evidence is indic-
ated within parenthesis in the text below.
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Facts 1 Study Quality, Relevance and Evidence Grading.

Study quality refers to the scientific quality of an individual study
and its capacity to answer a specific question in a reliable way.

Evidence grade refers to the appraised strength of the collective body of
scientific evidence and its capacity to answer a specific question in a reliable
way. SBU uses an international evidence grading system called GRADE.
Study design is the primary factor considered in the overall appraisal of
each outcome measure. Secondary factors that can increase or decrease
the strength of the evidence include: study quality, relevance, consistency,
transferability, effect size, data precision, risk of publication bias, and other
aspects, e.g. the dose-response relationship.

Evidence grades — four levels

Strong scientific evidence (2©9®)
Based on high or medium quality studies with no factors that weaken
the overall assessment.

Moderately strong scientific evidence (2®©0)
Based on high or medium quality studies with isolated factors
that weaken the overall assessment.

Limited scientific evidence (#®00)
Based on high or medium quality studies having factors that weaken
the overall assessment.

Insufficient scientific evidence (®#000)

Scientific evidence is deemed insufficient when scientific findings are
absent, the quality of available studies is low, or studies of similar quality
present conflicting findings.

The stronger the evidence, the lower the likelihood that new research
findings would affect the documented results within the foreseeable future.

Conclusions
SBU’s conclusions present an overall assessment of benéefits,
risks, and cost effectiveness.

SBU’S SUMMARY AND CONCLUSIONS



Obviously, the grades chosen to indicate the strength of the conclusions
cannot be interpreted as ultimate truth. Nevertheless, conclusions based
on strong scientific evidence should provide more concrete guidance
than conclusions based on weaker evidence. It is important to note that
when the scientific evidence is graded as being insufficient, this does not
necessarily mean that a given method has no effect.

Basic Conditions for Treatment

In Sweden, treatment with coagulation factor concentrate has increased
survival of patients with severe hemophilia from approximately 15 years
to nearly normal life expectancy. Knowledge of the molecular biological
mechanisms and the pathophysiology underlying hemophilia forms the
foundation for clinical treatment. Clinical outcomes show that treatment
has marked effects and extends survival. However, since these positive
results have not been documented in scientific studies, it is difficult to
grade the evidence in accordance with SBU’s standard methodology. It
seems logical to assume that treatment of hemophilia and von Willebrand
disease is effective since it involves replacement of a single, deficient factor.

Presented below is a summary of treatment methods that are based
on clinical experience and involve the use of coagulation factor
concentrates.

Treatment with coagulation factor concentrate

Using factor VIII to treat bleeding resulting from hemophilia A has the
following effects: hemostasis, reduced pain, and improved mobility. The
improvements appear within a few hours. Usually a single treatment is
sufficient to achieve a lasting effect. Side effects from current factor con-
centrates are few and mild, apart from inhibitor development.

Using factor IX concentrate to treat acute bleeding resulting from
hemophilia B is effective, and similar to the situation in treating
hemophilia A. Occasionally, treatment of hemophilia B can lead
to an allergic reaction, particularly if inhibitors are present at the time.
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Regular administration of factor VIII concentrate for severe hemophilia A
— starting at an early age before the first episode of articular bleeding —
has good protective effects against articular bleeding and development
of joint damage later in life. Since hemophilia B is less prevalent than
hemophilia A, the scientific evidence is even more limited as regards
regular replacement therapy. However, available studies suggest a similar,
positive effect.

Clinical experience and observational studies suggest that replacement
therapy with coagulation factor concentrate has effects that enable surgi-
cal intervention. Common procedures include knee and hip arthroplasty.

Treatment with recombinant factor VIla and activated prothrombin
complex concentrate (bypass therapy), has effects on acute bleeding
and enables surgical intervention in hemophilia A and B patients with
inhibitors. Retrospective observational studies have shown good effects.
Nevertheless, therapeutic failure is possible. Clinical data suggest that
response to treatment can vary among individuals and between the two
agents available on the market. Although the scientific evidence is based
mainly on retrospective clinical studies without controls, the reported
effects are pronounced and clinically relevant.

Results from case series show that immunotolerance induction treat-
ment with factor concentrates can be effective in up to 8o percent of
hemophilia A patients with inhibitors, and in most cases the results are
permanent. Clinical experience indicates that treatment should be started
early in childhood, when a child with hemophilia develops inhibitors.
The situation regarding hemophilia B is less certain.

Treatment with factor concentrate containing von Willebrand factor
(VWE) and factor VIII has effects on acute bleeding in patients with
von Willebrand disease who do not respond adequately to desmopressin,
and in patients with type 3 von Willebrand disease. Similar effects have
also been observed with concentrates mainly containing von Willebrand
factor alone.
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Clinical experience and observational studies suggest that replacement
therapy with coagulation factor concentrate containing von Willebrand
factor (VWF) and factor VIII has effects that enable surgical intervention
in patients that do not respond to desmopressin. Similar effects have also
been observed with concentrates mainly containing von Willebrand factor
alone. Often in acute situations, however, extra factor VIII has also been
administered.

Evidence Graded Results

This report aims to present the scientific evidence underlying different
dosing strategies for coagulation factor concentrate in treating patients

with hemophilia A, hemophilia B, and von Willebrand disease.

Summarised below are the results from studies that meet the inclusion
criteria. In most instances the studies are non-randomised and do not
include control groups.

Treatment of hemophilia A and B

* The scientific evidence is insufficient to determine if there are any
differences in effects between recombinant and plasma-derived factor
concentrates in replacement therapy for hemophilia A and B.

* The scientific evidence is insufficient to determine if there are any
differences in effects between different dosing strategies in replace-
ment therapy with coagulation factor concentrates. Results from one
randomised trial, supported by results from several non-randomised
studies, suggest fewer joint bleeds and fewer major bleeds in pro-
phylactic replacement therapy compared to on-demand treatment.
Furthermore, regular administration of factor VIII starting from
early childhood, before the onset of joint bleeds, in patients with
severe hemophilia has protective effects against joint damage.

* The scientific evidence is insufficient to determine whether the risk of
developing inhibitors against coagulation factors is more, or possibly
less, for the prophylactic treatment compared with that seen in the
treatment only when necessary on-demand.
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* The scientific evidence is insufficient to determine if there are any
differences in the long-term effects (>6 years of follow-up) of different
treatment regimens in hemophilia A and B. Clinical experience and
the results from retrospective, observational studies suggest that early
prophylactic treatment yields better results than on-demand treatment,
but this should be confirmed by prospective, longitudinal studies.

¢ The scientific evidence is insufficient to determine which doses and
dosing intervals are the most effective when using factor concentrates
as replacement therapy to inhibit and/or treat bleeding during surgery.

Treatment of patients with inhibitors

* The scientific evidence is insufficient to determine the effects of
treating acute bleeds with the bypass agents, recombinant coagulation
factor VIla and activated prothrombin complex concentrate. Observa-
tional studies suggest that treatment is superior to no treatment.

* The scientific evidence is insufficient to assess the effects of prophy-
lactic treatment using recombinant coagulation factor VIla and
activated prothrombin complex concentrates to prevent bleeds in
patients with hemophilia A and B with inhibitors.

* The scientific evidence is insufficient to appraise the effects of immuno-
tolerance induction using factor VIII or IX concentrates during a given
period when the aim is to eliminate antibody formation (inhibitors)
against factors VIII and IX in hemophilia patients with inhibitors.
Scientific evidence is lacking on immunotolerance induction in treat-
ing inhibitors against factor IX.

Treatment of von Willebrand Disease

* The scientific evidence is insufficient to determine if the incidence
of bleeds differs between long-term prophylactic therapy compared
to treatment only in conjunction with bleeding when concentrates
containing von Willebrand factor and factor VIII (FVIII) are used in
patients with von Willebrand disease. The scientific documentation
consists of retrospective studies. Prophylactic treatment, particularly
for type III von Willebrand disease, probably has good effects, and

larger studies are under way to address this.

SBU’S SUMMARY AND CONCLUSIONS 25



* Experience concerning regular prophylaxis during long-term
indicates a reduced incidence of joint damage and improved
quality of life. However, the scientific evidence is insufficient,
and further studies are needed.

* Scientific studies that illuminate possible differences between various
concentrates containing von Willebrand factor and factor VIII (FVIII)
are lacking, as regards their effects of treatment on bleeding.

e Scientific studies that illuminate possible differences between dosing
strategies for concentrates containing von Willebrand factor and factor

VIII are lacking, as regards their effects on bleeding.

Economic aspects

* The scientific evidence is insufficient to determine which dosing
strategy, i.e., on-demand or prophylaxis, is the most cost-effective
in treating hemophilia.

Ethical aspects

Treatment, particularly for hemophilia, raises a range of ethical issues
due to the high costs involved. Previously, the risk of blood contamina-
tion was high. Today, this risk is thought to be so low that it is no longer
weighed into the indications for administering factor VIII or IX concen-
trates. Given the widespread use of recombinant products, it is assumed
that such risks have been eliminated. To some extent, plasma-based pro-
ducts are still used in treating von Willebrand disease and patients with
inhibitors. The risk for developing inhibitors is high, and can constitute
an ethical problem in treating small children from families with previous
occurrence of inhibitors. Since patients with hemophilia now reach old
age, they are also affected by common disorders such as cardiovascular
disease, cancer, and dementia. Managing these problems in relation to
bleeding disorders has several ethical and medical implications that have
not been studied. An ethical analysis is necessary in each individual case
to enable well-grounded decisions about treatment and care.
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Summary and Discussion

This therapeutic area is unique since the diseases are rare and the clinical
outcomes cannot be fully evaluated for many years, perhaps decades.
Because of this situation, and the fact that contemporary regulations
for clinical trials create major financial obstacles in comparing products,
it becomes difficult to implement studies yielding high-grade evidence.
Hence, well-executed studies are lacking.

No longitudinal studies have compared different types of factor concen-
trates. One of the reasons is that no scientific evidence is available to
suggest that it would be possible to show any differences in effects in
the comparatively small and heterogeneous group of patients available
for study. Moreover, concentrates have advanced rapidly in recent years,
which does not allow the decades needed for follow-up studies of indivi-
dual product brands. Hence, we must rely on observational studies
where treatment varies over time.

Studies often use two measures to determine the effects on bleeding,
the number of infusions needed to stop articular bleeding, and a subjec-
tive rating of effects (where definitions can vary between studies). More
recent studies often show how patients or parents rate the effects. For
instance, the effects of a factor concentrate injection on articular bleed-
ing could be rated as: excellent, good, moderate, or no response. The de-
finition of excellent usually includes a combined assessment of pain
and swelling. Hence, an excellent effect might be greatly reduced pain
and swelling, e.g., within eight hours, and one infusion could be suf-
ficient. Good response usually signifies that pain and swelling have
not subsided substantially within eight hours, and a second infusion is
administered, leading to markedly reduced pain and swelling. Moderate
response could mean that a third injection is required after a further
eight hours, and 7o response suggests that the treatment is comparable
to no treatment. Evaluation of treatment effects on acute articular bleed-
ing becomes substantially more difficult when the natural course of a
bleed is uncertain. Increased pressure during an on-going bleed eventu-
ally helps stop the bleeding. Moreover, pain arising from an inflamma-
tion can be difficult to distinguish from any concurrent hemorrhaging.
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In the absence of objective, generally accepted, evidence-based methods
to identify and document treatment effects, most treatment providers
accept the method of defining good treatment effects as marked reduc-
tion in pain and swelling, combined with the number of infusions needed.

Assessment of treatment effects, expressed as the number of infusions
needed to stop a bleed, or subjective ratings such as excellent, good, etc
have limitations when it comes to comparing outcomes of studies in
different patient groups — in part, because previously untreated patients,
usually small children, do not have joint damage. Hence, the results are
not fully comparable to those from studies in older, previously treated,
patients. Slightly older patients with joint damage probably have another
course of symptoms and are more difficult to treat than patients with
bleeds in a structurally normal joint.

Acknowledging these reservations, the method of documenting treat-
ment effects in most studies nevertheless enables the analyst to weigh
the studies together. As a general conclusion, we could say that treat-
ments with contemporary factor concentrates, whether recombinant
or plasma-derived, have very good effects on pain and swelling from
articular bleeds when the doses are adjusted for weight and type of
hemorrhage. One or two doses are often sufficient to stop a bleed.

Treatment of acute bleeding in hemophilia A varies by country when it
comes to choosing doses and the intervals between doses. Similar varia-
tion is found in prophylactic therapy since opinions vary about dosing,
the time to start treatment, and the age to which prophylaxis should
continue. There is much to suggest that it is good to start prophylaxis
early, before the onset of joint damage (primary prophylaxis), i.e., prob-
ably before the first or second articular bleed, and it should continue
until adulthood. Even in adulthood, the fundamental problem of hemo-
philia remains (i.e., lack of a factor in blood), making patients prone to
bleeding and exposing them to life-long risk of severe and life-threatening
hemorrhaging. For this reason, it would be natural to extend prophy-
lactic therapy into adulthood. More studies are needed to optimise and
individualise prophylactic treatment, although such studies would require
lengthy follow-up and would be difficult to perform.
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Observational studies, primarily in Europe (but especially in Sweden
and the Netherlands), have addressed the long-term effects that treatment
of hemophilia A and B with regular replacement therapy (prophylactic
treatment), from childhood to adulthood, has on the development of
joint damage. The results show that the treatment has god effects and
hence, it would be considered unethical, in Europe today to conduct a
study with better design. In North America, where hemophilia treatment
with prophylaxis has received less attention, randomized trials were per-
mitted as late as year 2000 which from a European perspective exposed
small children to unnecessary harm.

Patients that develop inhibitors are difficult to treat. Acute bleeds can
be treated with bypass therapy, and two different products with funda-
mentally different modes of action are available. Treatment is costly,
and the hemostatic response is difficult to predict. Only a few compara-
tive studies are available. They suggest that effects vary by product and
individual. Early treatment in the course of hemorrhaging appears to
have decisive effects. Better studies are needed to assess the doses, dose
intervals, and long-term effects on joint damage. This applies especially
to prophylaxis. Studies are under way.

Several different treatment models address immune tolerance, but all are
associated with high costs. Most of the models only involve factor admin-
istration, although some add immune suppression. Since controlled trials
are difficult to implement, the information currently available comes from
register studies, observational studies, and case series. Studies in progress
should eventually provide some guidance for cost-effective dosing and
selection of factor concentrates, depending on the content of factor VIII
and von Willebrand factor. Regarding hemophilia B, treatment for
immunotolerance has been insufficiently studied and involves further
difficulties due to the risk for allergy and development of nephrotic
syndrome.

Comparing the studies is difficult because of variations in agents, doses,
dose intervals, and definitions of tolerance development. Most of the
retrospective analyses independently found that tolerance developed
in 70 to 80 percent of the cases, regardless of agent type and dosing.
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Basically this coincides with available register data, as described above.
The European immunotolerance register also indicates that high daily
doses yield relatively better treatment results. Further studies and data
are needed to confirm these findings.

A smaller percentage of patients with von Willebrand disease report little
or no effect from treatment with desmopressin and are therefore depend-
ent on replacement therapy with concentrate containing von Willebrand
factor. Since von Willebrand factor, in addition to thrombocyte activa-
tion, is also the carrier protein for factor VIII (FVIII), patients with more
severe forms of von Willebrand disease also have low FVIII even though
their ability to produce FVIII is intact. Most of the concentrates used in
treating von Willebrand disease contain both von Willebrand factor and
FVIII, and immediately increase both of these factors in plasma. The
ratio between von Willebrand factor and FVIII varies among different
products. Since the concentrates have not been compared, it is difficult
to document the importance of the different contents in von Willebrand
factor. Moreover, qualitatively, von Willebrand factor varies in the
products.

The studies described in the report are retrospective or prospective
observational studies without controls and present low-grade evidence.
Using concentrates to treat von Willebrand disease is relatively new,
and concentrates are reported to consistently yield very good results
with few side effects.

Some believe that prophylactic treatment of von Willebrand disease is
justified, particularly for type 3 von Willebrand disease. International
studies of higher quality are in progress.

To summarise, the use of concentrates to treat some types of von
Willebrand disease is shown to have good clinical effects in relation
to acute hemorrhages, surgery, and long-term prophylaxis. The various
concentrates now available differ in content and have not been studied
comparatively in terms of clinical effects. Evidence-based guidelines are
lacking, and the assessments of indications, doses, and dosing intervals
need to improve.
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Uncertainties and the need for research

Greater knowledge and more research is needed
on methods for treating hemophilia

Hemophilia and the more serious types of von Willebrand disease are
rare disorders. Current treatment strategies are based mainly on more
or less well-controlled observational studies. The trends suggested by
these studies are easily subject to different interpretations and opinions.
Current treatment principles are based mainly on “best clinical practice”
and, to a lesser degree, on evidence-based medicine. For several reasons
it is difficult, if not impossible, to implement large, well-controlled, pro-
spective, longitudinal studies. Such studies are extremely expensive since
often they must be conducted in several countries to recruit a sufficient
number of patients.

Several areas can be identified where we lack real knowledge, and where
better studies are needed (but nevertheless are difficult to perform).

As regards hemophilia, more research is needed in several areas,
including the following:

Prophylaxis in patients that have not developed inhibitors

¢ When should treatment be started?

* Should prophylactic treatment be stopped, and if so, when?
* Dose regimen

* Long-term evaluation of joint diseases

* Health economy

Inbibitors

* Impact of heredity and environment on the risk of developing
inhibitors

* Protocols for immunotolerance induction treatment

* Prophylaxis in bypass treatment

* Health economy
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Factor concentrates

e Improved pharmacokinetic features with longer biological half-life

* Increased potency

* Development of products or tools to avoid intravenous injections and
replace them with alternate routes of administration (subcutaneous,

inhaled, oral).

The clinical problems concerning von Willebrand disease are somewhat
different. Here, the inhibitor problem is not as great as it is in hemophilia,
but also less research is available. Regarding von Willebrand disease, the
following areas can be emphasised:

* At what plasma levels of factor VIII and von Willebrand factor is
treatment with factor concentrate required, i.e., when is treatment
with desmopressin insufficient to achieve hemostasis?

* The clinical importance of heterogeneity in von Willebrand factor
concentrate?

* Prophylaxis in von Willebrand disease; indications and dosing?

* Products used to treat von Willebrand disease remain plasma-derived.
There is a need for products manufactured via recombinant DNA
methods, as is already the case with hemophilia. One such product
is undergoing clinical trials, but its utility remains to be proven.

Implementing a national treatment register with defined quality
indicators is a high priority. A systematic and centralised means of
following up patients with hemophilia A, B, and von Willebrand disease
is needed within the context of a national quality register aimed at docu-
menting short- and long-term treatment effects. Potentially, treatment
could be improved by optimising dosing in accordance with better
evidence on the pharmacokinetics of the agents, which could lower
the consumption of factor concentrates while maintaining satisfactory
treatment effects.
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Foreword

This systematic review entitled Treatment of Hemophilia A and B and von
Willebrand Disease has been written with the aim to evaluate the scientific
rationale behind the different strategies regarding therapy in severe forms
of hemophilia and von Willebrand disease (VWD). The report tries to
reflect the state of the art in the treatment of hemophilia regarding pro-
phylaxis, surgery and inhibitors and regarding von Willebrand disease
in need of replacement therapy. Treatment options such as desmopressin
and antifibrinolytic agents are not addressed in this report.

Hemophilia and von Willebrand disease are rare bleeding disorders and
the medical consequences of the bleeding symptoms cannot be fully
assessed until after many years. These circumstances make it difficult
to study different treatment regimens in a truly evidenced based way.
Studies have also been hampered by the tragic history of transmission
of blood-borne (HIV and hepatitis C) agents during the 1970s and 1980s
when industry and treaters focussed more on safety than on efficacy.
This era now belongs to history in terms of new transmissions and there-
fore the report does not address this problem more than briefly. Howe-
ver, awareness of future hypothetical transmissions always needs to be
kept in mind. Today, the risk of development of inhibitors constitutes
the main threat to persons with hemophilia.

As few studies are designed regarding the research question addressed

and as treatment effects on bleedings are mainly subjectively assessed, the
report does not include evidence grading. Instead, the pathophysiologic
rationale for replacing the missing clotting factor together with clinical
assessment and judgement from observational studies will remain as the
main message from this systematic review. It is clear from several studies

and observations that infusion of the missing factor stops the bleeding
promptly and relieves pain within hours, symptoms well known to last
for days if not treated. Furthermore, the median survival of patients with
hemophilia has dramatically increased since the introduction of clotting

FOREWORD 33



factor concentrates during the last 40—50 years and is now approaching
that of the general male background population. Therefore, the report
does not scrutinise replacement therapy as such but focuses on different
modes of factor replacement.

Replacement therapy can eliminate the coagulation defect but the cost is
very high compared to treatment for many other diseases. Irrespective of
mode of replacement therapy the cost mainly depends on the cost for the
factor concentrates used. Survival is nowadays comparable to the other
population with any treatment mode but the long-term quality of life
differs considerably and the economical and ethical questions raised are
discussed in the health economics and ethical aspects part of the report.
Patients with inhibitors can usually not be treated just by replacing the
missing coagulation factor and treatment efficacy is not easy to predict
in the single patient. Inhibitors occur already in the small child and pose
a heavy burden on the parent/legal guardian who manages the treatment
at home. This raises additional ethical and economical issues as even
symptoms not elicited by a bleed may be misinterpreted and render
expensive treatment.

Congenital bleeding disorders are rare and therefore well developed
international collaboration is a mainstay for clinical research in hemo-
philia and VWD. The need for substantial industry sponsoring is obvious
due to the high cost of studies and therefore hemophilia clinicians often
have conflicts of interest in a report dealing with use of clotting factor
concentrates. In order to secure the objectivity of this report, the expert
group has consequently been enlarged by scientific colleagues not invol-
ved in the field but who have great knowledge concerning the issues.
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1. Hemophilia

Background

Coagulation factors are proteins produced in the liver. Deficiency
of a coagulation factor causes the blood to coagulate poorly (or almost
fail to clot at all).

Hemophilia is caused by a hereditary deficiency in coagulation
factor VIII (hemophilia A) or coagulation factor IX (hemophilia B).
Hemophilia A and B are inherited, gender-linked disorders that nearly
exclusively affect men. The prevalence is 1/5 0ooo males born. Sweden
has approximately 1 0oo patients with hemophilia, whereof approxim-
ately 300 receive regular treatment.

Hemophilia A and B exhibit three levels of severity: severe, moderate,
and mild. It is now possible to identify which part of the factor VIII
and IX genes is changed and causes different levels of severity in
hemophilia. Further, approximately so percent of new cases does not
have any previously known heredity. Hence, this means that any
family could unexpectedly bear a male child with hemophilia.

The risk for bleeding is linked to the degree of severity. In severe cases,
initial hemorrhaging occurs before the age of 1 year, and in moderate
cases bleeding more commonly starts later, i.e. at 1 to 2 years of age.
Bleeding is spontaneous or occurs after minimal trauma. In mild
hemophilia, bleeding problems are often related to surgery and injuries.
Hence, mild hemophilia might be diagnosed late in life, in connection
with surgery and difficulties to stop a postoperative bleeding.

In severe and moderate hemophilia, the main symptom is hemorrhaging
primarily affecting the ankle, knee and elbow joints, and muscles. Normal
functioning of these joints is necessary to carry out many normal work
and recreation related activities and to achieve good quality of life. Joint
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hemorrhages lead to chronic joint inflammation and degradation of
articular cartilage, leading to stiffness, limitation in movement, and
pain. The disease course and joint damage in patients with undertreated
hemophilia show similarities to that observed in rheumatic joint disorders.
Without adequate medication with the missing factor, severe and mod-
erate hemophilia lead to serious mobility-related disabilities. Patients with
hemophilia are also at risk for other severe, sometimes life-threatening
types of hemorrhage, e.g., cerebral or gastric hemorrhage.

Historical Background

Early on, scientists discovered that the coagulation factors lacking in
people with hemophilia were found in the blood of healthy individuals.
Hence, in the 1940s physicians began to treat hemorrhaging with blood
transfusions and started using blood plasma in the 1940s and 1950s.
However, blood or plasma transfusion alone cannot completely nor-
malise blood coagulation in an adult male with hemophilia since s litre
of blood or 2 to 3 litre of plasma must be given. The treatment was
ineffective and did not prevent the onset of joint disorders. Mortality
was high, and in 1960 the average length of life was 23 years. Treatment
improved during the 1960s with access to products that concentrated
the coagulation factors two to three times, and the concept of factor
concentrate was introduced. During the 1970s and 1980s increasingly,
more concentrated products were produced, a prerequisite for effective
replacement therapy.

An important consequence of the availability of freeze dried factor
concentrates with reduced injection volume compared to plasma was
the possibility of home treatment. The patient or care-giver could then
easily treat bleedings at home after appropriate training at the hemo-
philia centre. The combination of factor concentrates and home treat-
ment is also the foundation for the kind of regular substitution therapy
commonly called prophylaxis. Taken together, the progress in the treat-
ment and development of hemophilia centres explains the observed
improvement in average life expectancy from 16 years in 1930 to 23 years
in 1960 and normal or almost normal in 2010. In producing hemophilia
concentrate from blood plasma, initially no measures were taken to
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select donors or inactivate any viral contamination in the product.
Consequently, many hemophiliacs who received plasma therapy during
the 1960s and 1970s were infected with hepatitis B (HBV), and a major-
ity treated from 1970 to 1986 were infected with hepatitis C (HCV).
From 1975 to 1985, plasma-based factor concentrates transmitted HIV
to approximately 9o percent of treated patients with severe hemophilia
and AIDS has long been the main cause of death in the hemophilia
population. Regarding the longer prognosis, virtually all infected with
HBYV, some with HCV, and none with HIV cleared the virus. Patients
with HCV may be treated with interferon, which cleares the virus in
approximately 6o percent. Vaccine is available only for HBV. After 1986,
plasma-based medications became safer through screening of plasma-
donors and virus inactivation steps in production. Nevertheless, patients
and care-givers alike remain concerned that the current measures to
eliminate viruses will not prevent transmission of new, yet unknown,
viruses.

An important step forward for understanding hemophilia and improving
treatment was the publication in 1984 regarding sequencing the factor

VIII gene and the expression and production of human factor VIII in

cultured mammal cells [1,2].

Modern factor concentrates

In 1992, approval was granted for the first recombinant coagulation
factor VIII concentrate produced in cell cultures. Manufacturers were
then no longer dependent on blood plasma, apart from the human
albumin in the production process. Virus-inactivated human albumin
has been used since the 1960s and no cases of infection transmission
have been noted since. In 1993 and 1999, two more recombinant factor
VIII concentrates were approved, and in 1997 a recombinant factor IX
concentrate was approved. The volumes that must be given intravenously
to normalise the blood level of, for example, factor VIII, have decreased
from 2.5 L to approximately 10 mL. Hence, it is possible to give adequate
and safe replacement therapy for the coagulation factors that patients
